evidenced that shifts from environmental to mammalian host-simulating conditions 31 (temperature or osmolarity) lead to major transcriptional modifications in L. interrogans (12, 32 14), especially for genes involved in chemotaxis, motility or signal transduction. Exposure to 33 guinea pig serum or mammalian macrophages also influenced genome-wide Leptospira gene 34 expression (17, 21). It was notably noticed that expression of several outer membrane proteins 35 (OMPs) was down-regulated. These results emphasized the transcriptomic regulation of 36 pathogenic Leptospira upon shift to host-simulating physiological conditions. However, the 37 regulation of the leptospiral transcriptome has only been evaluated in vitro with host-38 simulating parameters that poorly reflect real in vivo conditions. Thus, its regulation in 39 infected animal remains to be analyzed. 40
Leptospirosis is a neglected tropical zoonosis caused by pathogenic spirochetes of thegenus Leptospira with a high incidence in developing countries (11). Infection occurs by 27 direct contact with reservoir animals or exposure to an environment contaminated with their 28 urine (10). The survival of leptospires upon transition into host conditions and leptospirosis 29 pathogenesis include the modulation of bacterial gene expression (1). Microarrays studies 30 evidenced that shifts from environmental to mammalian host-simulating conditions 31 (temperature or osmolarity) lead to major transcriptional modifications in L. interrogans (12, 32 14), especially for genes involved in chemotaxis, motility or signal transduction. Exposure to 33 guinea pig serum or mammalian macrophages also influenced genome-wide Leptospira gene 34 expression (17, 21). It was notably noticed that expression of several outer membrane proteins 35 (OMPs) was down-regulated. These results emphasized the transcriptomic regulation of 36 pathogenic Leptospira upon shift to host-simulating physiological conditions. However, the 37 regulation of the leptospiral transcriptome has only been evaluated in vitro with host-38 simulating parameters that poorly reflect real in vivo conditions. Thus, its regulation in 39 infected animal remains to be analyzed. 40
In a previous study (13) we evidenced significant differences in the expression of 41 major immune mediators between a susceptible hamster and a resistant mouse model of 42 leptospirosis. These animals presented distinct dissemination profiles of bacteria in the blood. 43 quantified the transcripts of OMPs and extracellular matrix (ECM)-interacting proteins butLightCycler 480 SYBR green I master kit (Roche Applied Science, New Zealand) accordingexpression studies using RT-qPCR require the selection of internal controls for normalization 79 and potential reference genes (also known as housekeeping genes or HKG) were evaluated 80 using the commonly employed softwares, geNorm and NormFinder (2, 20). We analysed the 81 expression stability of the genes (Table 2) in 33 samples (3 replicate LiVv cultures in vitro at 82 both 30°C or 37°C; 11 and 16 blood samples of hamsters and mice, respectively). After the 83 selection of the best reference genes, the normalization of gene expression was processed on 84 the qbase PLUS software (Biogazelle, Belgium). The relative normalized expression ratio of 85 target gene was then calculated as the ratio of the expression level in vivo to the expression 86 level in vitro at 30°C, used as calibrator. 87
To our knowledge, only one paper analysed the stability of potential HKG in 88 Leptospira (3) and evaluated the effect of the culture temperature on the expression of three 89 genes frequently employed for normalization: lipl41, coding for an abundantly expressed 90 OMP; flaB, coding for the flagellin subunit B; and the highly conserved 16S rRNA that was 91 found to be the most stable gene for normalization in this study. In our in vivo study however, 92
16S rRNA is not a suitable HKG as evidenced by its stability rank position (5 th ; Table 2 ) and 93 high geNorm M and NormFinder stability values (1.742 and 1.203, respectively). The two 94 algorithms evidenced lipl21, lipl36 and lipl41 as the most stable of the genes studied in our 95 experimental conditions. Previous studies evidenced that lipl36 and lipl41 were regulated in 96 vitro depending on culture conditions (8, 21). Our contrasting results highlight the importance 97 of evaluating expression stability in the experimental conditions of each own study. As the 98 minimal use of the three most stable genes is recommended for normalization (20), lipl21,expression using the qbase PLUS software (Biogazelle, Belgium). However, our set of internal 101 control genes has higher than optimal stability values and thus, selection and validation of 102
Our results revealed that 16S rRNA expression is not stable but is rather down-104 regulated in mouse blood (expression ratio at 0.17) compared to in vitro cultures ( Figure 1A) . 105
We previously quantified the 16S rRNA transcript level to assess the bacterial burden in 106 tissues from infected animals and showed that this level presented an upward kinetic (13). 107
However, because studying a bacterial burden, the normalization was based on host HKG. 108
Herein, we aimed to evaluate the transcriptomic function in the pathogen by quantifying the 109 regulation of the 16S rRNA expression by calculating the ratio to formerly validated bacterial 110
HKG. The decrease of the 16S rRNA expression in vivo is concordant with previous results 111
showing that this gene, as other ribosomal proteins, was down-regulated in Leptospira co-112 cultured with mammalian macrophages (21). Oppositely, the mean expression ratio calculated 113 during the first day post-infection was not different in the hamster blood compared to 114 cultures. However, the expression ratio of 16S rRNA at 24h presented a significant down-115 regulation compared to cultures (P = 0.024; data not shown). The decrease in 16S rRNA 116 expression in mouse and hamster blood at 24h cannot be explained but could reflect different 117 phenomena in these two models: it can be speculated that it reflects a loss of fitness of the 118 leptospires paralleling their rapid clearance in mouse blood (13) and rather a physiological 119 and transcriptional shift in hamster blood as hypothesized in guinea pig serum (17). LigB is known to attach to host cells by binding several ECM proteins (6). Its expression is 135 highly upregulated in the blood of both infected animals with relative expression ratios higher 136 than 150 compared to in vitro cultured bacteria ( Figure 1C ). However, no significant 137 difference in ligB expression was observed between our animal models. An upregulation of 138 ligB was also observed in vitro upon temperature or osmolarity changes from environmental 139 to host conditions (6, 12) 140
LipL32 is a major leptospiral OMP highly conserved among pathogenic Leptospira 141 species (7) and was defined as an ECM-interacting protein (4). We evidenced that lipL32 142 expression is dramatically down-regulated in vivo compared to culture conditions ( Figure 1D ) 143 correlating with microarray results upon interaction with mammalian macrophages (21). An 144 interesting finding was a differential gene expression of lipl32 between our two animal 145 models with an expression ratio of 0.03 in mouse compared to 0.12 in hamster. It was 146 evidenced that LipL32 was not required for the development of acute or non lethal infection 147 using a mutant L. interrogans (15). Because LipL32 also increases the permeability and 148 apoptosis of human umbilical vein endothelial cells (19), it can be hypothesized that LipL32 149 not required and therefore repressed once Leptospira disseminate into the systemic 151 circulation. Moreover, LipL32 was shown to interact with Toll-Like Receptor 2 (TLR-2) 152 leading to the induction of inflammatory chemokine IL-8 (9). Thus, a decrease in lipl32 153 expression could reflect a dissimulation strategy to avoid recognition from host immunity. 154
OmpL37 was identified as another ECM-interacting OMP exhibiting strong and dose-155 dependent binding activity to elastin (18). Quantification of the expression levels revealed 156 that ompl37 is highly upregulated in vivo with ratios of up to 225.2 and 147.5 compared to in 157 vitro for hamster and mouse samples, respectively ( Figure 1E ). However, it was not regulated 158
in Leptospira co-cultured with mammalian macrophages (21) and we evidenced that it is 159 neither influenced by culture temperature ( Figure 1E) . As OmpL37 has a high affinity for skin 160 and vascular elastin, it might play a role in the early invasion process by mediating attachment 161 to skin and vascular tissues (18). ( ; ) ( ; ) Values are means ± SEMs. Significant difference in gene expression between conditions (M and 30°C) was evaluated using a Mann-Whitney's nonparametric ttest. *P < 0.05, **P < 0.01, ***P < 0.001, ns: non significant. e Tm, PCR product melting temperature (°C).
f Prog. for qPCR amplification program. A for 50 cycles with: 5sec at 95°C; 5sec at 62°C; 8sec at 72°C; B for 50 cycles with: 5sec at 95°C; 5sec at 60°C; 8sec at 72°C. b Average expression stability values were calculated using geNorm (M value) and
NormFinder (NF value) softwares after RT-qPCR assays performed on 33 samples as described in the text.
c The rank position of the expression stability is given for each gene depending on software.
The most stable genes (*) were selected for the normalization step prior to relative quantification.
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